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Fig. 2. Schematic diagram of HIL test bench 
B. Vehicle dynamic modeling 
To validate the traction control algorithm been developed, vehicle model is constructed under the 
environment of MATLAB®/Simulink®. The vehicle coordinate system is a vehicle-fixed right-hand 
orthogonal axis system.  The system includes a seven-degree-of-freedom dynamics model describing the 
motion of vehicle and wheels.  A brief summary of this vehicle model and engine and tire models are 
presented hereinafter.  
1) Engine model 
The character of engine can be described by the steady state character and the transient state character. 
The steady state of engine can be modeled by lookup table and the transient state can be modeled by a 
first order system with time lag, as equation 1 shows: 
 
sT
se esT
MM 2
11
1 −
+=                                                                               (1) 
Where: Ms is the steady state torque of engine, Me is the transient torque of engine, T1 and T2 are 
time constant. 
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Fig. 3. Structure of simulation model of HIL test bench 
2) Vehicle model 
∑=⎟⎠
⎞⎜⎝
⎛ ⋅−⋅
••
xyx FVVM ψ
                              (2) 
∑=⎟⎠
⎞⎜⎝
⎛ ⋅+⋅
••
yxy FVVM ψ                               (3) 
∑=⋅ •• zz MI ψ                                                 (4)
iiii fbdxii
TTrFI −−=⋅
•
*ω                               (5) 
( )∑ ∑
=
⋅−⋅=
4
1
sincos
i
iyixx ii
FFF δδ              (6) 
( )∑ ∑
=
⋅+⋅=
4
1
cossin
i
iyixy ii
FFF δδ              (7) 
Where: 
M is the mass of vehicle, xV
•
 is the longitudinal acceleration of vehicle, yV
•
is the lateral acceleration of 
vehicle, 
•ψ  is the yaw rate of vehicle, Iz is the rotational inertia of vehicle about z axle of vehicle in 
vehicle reference system, Fxi  and Fyi are tire forces in the x direction and y direction in wheel systems. 
3) Tire model 
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3. Fuzzy pid controller for traction control 
Traction control system mainly controls the output torque of engine and braking torque of driven 
wheels to prevent the driven wheels from spinning. The target of the system is to control the slip ratio of 
driven wheels to the region where the coefficient of friction between tire and road is at its optimum. This 
can improve the acceleration performance and the lateral stability of vehicle driving on slippery road. 
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Fig.4. Structure of traction slip controller   
The structure of the fuzzy PID traction control algorithm validated in the HIL simulation is shown in 
figure (4). As the slip ratio at which the coefficient of friction between tire and road is at its optimum 
varies with adhesion coefficient of the road and the vehicle speed etc.  The first thing in TCS control is to 
calculation the target speeds. The target speeds including target speeds of driven wheels and target speed 
of drive shaft. The target wheel speeds can be calculated by vehicle reference speed and the target slip 
ratio, the target speed of drive shaft can be calculated by the average of the target speeds of driven wheels. 
As mentioned hereinabove, the target slip ratio varies with the road adhesion coefficient, so it is of 
advantage to determine the target slip ratio as a function of the two factors.  
As following equations show: ( )tarrefwhl_tar VV λ+⋅= 1           (11) 
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4. Simulation  results  of fuzzy pid traction control algorithm on test bench 
Figure (7~9) show the simulation results of fuzzy PID traction control algorithm on the test bench. The 
simulation is about the maneuver of straight line acceleration for stop on low μ road. As both driven 
wheels show the tendencies of spinning, braking control of driven wheels and engine throttle control are 
activated. 
 
Fig. 7. Wheel speed and vehicle reference speed with TCS 
 
Fig. 8. Braking pressure during TCS control 
As shown in figure 5, when driving off, both the left side and the right side driven wheel start to spin, 
this means that the engine output torque at the driven wheel, i.e. the drive force, is greater than the 
maximum force the ground can provide, so the engine throttle control decreased the opening amount 
engine throttle, as shown in figure 7. Besides, as the vehicle reference speed is low, so the braking 
controller of both driven wheels is triggered, as shown in figure 6. The speeds of driven wheels are 
controlled to their target values. 
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Fig.9. Engine throttle during TCS control 
5. Conclusion 
In order to validated the fuzzy PID traction control algorithm proposed, a HIL test bench based on xPC 
Target™ product of MATLAB® is introduced. The test bench consists of the hardware part and the 
software part, the hardware part is based on the xPC Target™ product of MATLAB®,  the software part 
of the test bench, mainly the vehicle model, is created in Simulink. The validation of the proposed 
algorithm is implemented on the test bench and the results show that the spin of driven wheels can be 
controlled effectively and the acceleration performance can be improved when driving on slippery road. 
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